In the intention-to-treat analysis of the Hemodialysis Study, all-cause mortality did not differ significantly between the high versus standard hemodialysis dose groups. The association of mortality with delivered dose within each of the two randomized treatment groups was examined, and implications for observational studies were considered. Time-dependent Cox regression was used to relate the relative risk (RR) for mortality to the running mean of the achieved equilibrated Kt/V (eKt/V) over the preceding 4 mo. eKt/V was categorized by quintiles within each dose group. Analyses were controlled for case-mix factors and baseline anthropometric volume. Within each randomized dose group, mortality was elevated markedly when achieved eKt/V was in the lowest quintile (RR, 1.93; 95% confidence interval [CI], 1.40 to 2.66; P < 0.0001 in the standard-dose group; RR, 2.04; 95% CI, 1.50 to 2.76; P < 0.0001 in the high-dose group; RR relative to the middle quintiles). The mortality rate in the lowest eKt/V quintile of the high-dose group was higher than in the full standard-dose group (RR, 1.59; 95% CI, 1.29 to 1.96; P < 0.0001). Each 0.1 eKt/V unit below the group median was associated with a 58% higher mortality in the standard-dose group (P < 0.001) and a 37% higher mortality in the high-dose group (P < 0.001). The magnitude of these dose-mortality effects was seven-to 12-fold higher than the upper limit of the 95% CI from the intention-to-treat analysis. The effects were attenuated in lagged analyses but did not disappear. When dialysis dose is targeted closely, as under the controlled conditions of the Hemodialysis Study, patients with the lowest achieved dose relative to their target dose experience markedly increased mortality, to a degree that is not compatible with a biologic effect of dose. The possibility of similar (albeit smaller) biases should be considered when analyzing observational data sets relating mortality to achieved dose of dialysis.
T here has been recent interest in reconciling findings from observational studies and randomized clinical trials (1) (2) (3) (4) (5) (6) (7) (8) . The field of nephrology relies heavily on observational studies, most notably from the United States Renal Data System (USRDS) and large providers of treatment for patients with ESRD (9,10). In particular, by the early 1990s, several observational studies had demonstrated an inverse relationship between mortality and dialysis dose (11) (12) (13) (14) (15) (16) (17) . In the United States, these findings led to practice guidelines that recommended a minimum single pool Kt/V (spKt/V) of 1.2, corresponding to a urea reduction ratio (URR) of approximately 65% (18) .
By the mid-1990s, technological advances led to the feasibility of substantially higher dialysis doses, and a randomized trial, the Hemodialysis (HEMO) Study, was performed to compare outcomes between patients who were assigned to a highdose group with target spKt/V approximately 1.65 and a standard-dose group with target spKt/V approximately 1. 25 . Completed in 2001, the HEMO Study found no significant differences in mortality or hospitalization between the dose groups (19) .
In contrast to the HEMO Study, observational studies continue to suggest that reductions in mortality with increased hemodialysis dose extend to dose levels similar to or higher than the target dose in the high-dose group of the trial (20 -24) . Because the observational studies had larger sample sizes than the HEMO Study, it is possible that the observational findings may reflect a true dose effect that was too small to be detected by the randomized trial. Alternatively, it is possible that in the observational setting, relationships between dialysis dose and outcome may be subject to bias as a result of confounding from factors linked to both dose and outcome.
Because of the controlled conditions of the HEMO Study, delivered equilibrated Kt/V (eKt/V) values were narrowly distributed within each dose group, making it unlikely that different levels of delivered eKt/V within a dose group could produce detectable biologic effects on mortality. Thus, any relationships of mortality with delivered dose within the individual dose groups more likely are due to other factors, perhaps related to the patient's clinical status, that affect both dialysis dose and mortality. The goal of this study was to take advantage of the controlled setting of the HEMO Study to determine whether factors related to the patient's clinical condition did indeed affect delivered dose and, if so, to consider the implications for observational studies.
Materials and Methods

Study Design
The HEMO Study was a randomized, clinical trial of the effects of dialysis dose and membrane flux (19, (25) (26) (27) on survival and other outcomes. Using a 2 ϫ 2 factorial design, qualifying patients were randomized with equal allocation to either a target eKt/V of 1.45 or a target eKt/V of 1.05 and to either high-flux or low-flux membranes. Entry criteria included a three-treatment-per-week dialysis schedule, age 18 to 80 yr, residual renal clearance Ͻ1.5 ml/min per 35 L of urea volume, and anticipated ability to achieve a target eKt/V of 1.45 during a 4.5-h dialysis. A total of 1846 patients were randomized in 72 dialysis units affiliated with 15 clinical centers in the United States. The mean follow-up period for mortality was 2.84 yr.
Implementation of Dose Intervention
During the conduct of the trial, eKt/V was computed using the Daugirdas-Schneditz rate equation, eKt/V ϭ spKt/V Ϫ 0.6 K/V ϩ 0.03 (27, 28) , where spKt/V was determined from the pre-and postdialysis blood urea nitrogen (BUN) using the two-BUN method (29) . Conceptually, eKt/V can be regarded as the ratio of the total treatment clearance of urea, Kt, to the kinetically modeled volume of urea distribution. The kinetic modeling methods are presented elsewhere (27,29 -31) .
The dose intervention was monitored by monthly kinetic modeling and administered with centrally generated dialysis prescription reports. The central prescription reports provided choices of dialyzer model, blood flow, dialysate flow, and treatment time that resulted in a targeted eKt/V of 1.05 or 1.45, depending on the patient's dose group and running mean kinetic volume (Vm). The running mean Vm was the unweighted average of the kinetic volumes over the last four to six modeled dialyses, with the most extreme value excluded when the coefficient of variation of the kinetic volumes exceeded 10%. The central prescription reports were updated following designated changes in Vm.
When followed, the prescription algorithm ensured that the longterm mean achieved eKt/V closely approximated the patient's target eKt/V. However, variations in achieved eKt/V could occur as a result of fluctuations in Vm or of failure of the clinical sites to use the central prescriptions. The reasons for these failures included an unwillingness of the patient to remain in the dialysis clinic for the required time, inadequate access blood flow, or a desire by the patient or the patient's physician for a different dose than the study target. Causes of variations in Vm include gain or loss of muscle mass (i.e., total body water) or extracellular fluid and technical problems with the delivery of dialysis, including access recirculation and inaccurate blood pump calibration.
Recalculation of eKt/V
On the basis of data obtained during the trial, the original rate equation was modified to eKt/V ϭ spKt/V Ϫ 0.40 K/V (ϩ 0.01 for patients in the high dose group) for reporting the trial results (31) . The modified equation gives eKt/V values approximately 0.06 Kt/V units higher than the original rate equation. However, for maintaining consistency in the protocol, the original rate equation was retained to implement the dose intervention throughout the trial. The modification to the formula for eKt/V did not substantially affect the relative values within each dose group in this analysis.
Measurements
Baseline evaluation included the five case-mix factors: Age, gender, race (black versus nonblack), diabetic status, and years of dialysis before the trial. An anthropometric estimate of urea volume was obtained using the Watson formula (Vant) (32) . Comorbidity was summarized using the Karnofsky index (33), the overall score from the Index of Coexisting Disease (ICED) (34, 35) , and eight subindices from the ICED evaluating specific domains: Congestive heart failure, arrhythmia, ischemia and other cardiac complications, cerebral and peripheral vascular disease, respiratory disease, nervous system disorders, gastrointestinal disease and hepatitis, and malignancy. Serum creatinine was obtained from local biochemistry measurements.
Kinetic modeling sessions included central measurements of pre-and postdialysis BUN and predialysis serum albumin by nephelometry (Spectra East, Rockleigh, NJ). Access type, occurrence of access revisions during the previous month, hypotensive episodes, and pre-and postdialysis weight and BP were ascertained from the dialysis clinic's flow sheets. Hospitalizations were identified by chart review and patient interview and cross-checked with Medicare records (36) .
Data Analysis
All survival analyses were stratified by the 15 clinical centers and conducted with follow-up time censored at transplantation or 4 mo after transfer of patients to nonparticipating dialysis units. Because of its greater familiarity, we use the expression "relative risk" (RR) when referring to hazard ratios in Cox regression analyses.
Predictors of Low eKt/V. Generalized estimating equations for binomial responses with robust SE (37) were used to relate baseline and follow-up factors to the probability that delivered eKt/V fell into the lowest quintile (defined below) for the patient's assigned dose group at each modeled dialysis. Potential predictors of low eKt/V were evaluated individually within each dose group, controlling for baseline Vant, the five case-mix factors, and clinical center.
Association of Mortality with Delivered eKt/V at Entry. Cox regression (38) was used to relate mortality risk to baseline eKt/V, adjusting for Vant and the five case-mix factors. RR were estimated separately in the first year and after 1 yr of follow-up. Baseline eKt/V was defined as the average delivered eKt/V for two baseline kinetic modeling sessions performed while the patient remained on his or her prestudy dialysis prescription.
Association of Mortality with Delivered eKt/V during Follow-Up. Time-dependent Cox regression was used to relate mortality risk at each follow-up time to the immediately preceding running mean eKt/V. A patient's running mean eKt/V was computed as the unweighted average of the eKt/V values over the preceding 4-mo period, with the exception of the first 4 mo after randomization, when one to three eKt/V values were averaged depending on the number of previous follow-up kinetic modeling sessions. Twenty patients with no follow-up kinetic modeling sessions were excluded. We refer to the running mean eKt/V as the 4-mo running mean, recognizing that fewer measurements were averaged in the first 3 mo.
Both quintile models and segmented regression models were used. For quintile models, the five quintiles of the 4-mo running mean eKt/V values throughout the follow-up period were first obtained for each dose group. At each follow-up time, the most recent 4-mo running mean eKt/V value then was categorized into one of the five quintiles corresponding to the patient's assigned dose group. In segmented regression models, separate slopes relating log RR to achieved eKt/V were estimated below and above the median eKt/V level within each dose group.
Covariate Adjustment. We considered three levels of covariate adjustment: (1) Adjustment for baseline Vant and the five case-mix factors; (2) adjustment for Vant and the case-mix factors plus baseline Karnofsky score and the eight comorbidity indices from the ICED; and (3) adjustment for the above plus baseline levels of predialysis serum albumin, serum creatinine, systolic BP, and equilibrated normalized protein catabolic rate.
Interactions. The basic models were expanded to include interaction terms to evaluate the association of mortality with eKt/V separately for selected patient subgroups. Models with time-dependent interaction terms were used to evaluate the association of mortality with eKt/V separately when different types of access were used (venous catheter, graft, or fistula) and for time periods with and without access issues, defined as the use of a venous catheter or an access procedure at any time in the preceding 4 mo.
Lagged Analyses. The analyses relating mortality risk to the running mean eKt/V over the preceding 4 mo may be sensitive to reverse causality resulting from accentuated effects of the patient's condition on delivered eKt/V in the period immediately preceding death. Thus, the segmented regression analyses were repeated with time lags ranging from 1 to 12 mo between the evaluation of the mortality risk and the 4-mo running mean eKt/V.
In a related analysis, mean eKt/V during the first 4 mo of follow-up were related to mortality during the following year (months 4 to 16). This analysis was repeated for successive periods throughout the first 3 yr, in each case relating mortality in a 1-yr interval to the immediately preceding the 4-mo running mean eKt/V.
Results
Baseline Characteristics
Baseline characteristics and treatment parameters have been described previously (19) . Briefly, 56.2% were female, 62.6% were black, 44.6% had diabetes, 80.1% had a history of cardiac disease, mean (SD) age was 57.6 yr (14.0 yr), mean years of dialysis was 3.7 (4.4), and mean anthropometric volume was 34.9 L (6.1 L). At baseline, mean URR, eKt/V (revised HEMO Study formula), treatment time, and blood flow were 73% (5%), 1.43 Kt/V units (0.21 Kt/V units), 214 min (25 min), and 396 ml/min (54 ml/min), respectively.
Follow-Up Measures of Dose
A total of 62,264 kinetic modeling sessions were performed during follow-up. eKt/V or Vm could not be calculated in 4.9% of sessions as a result of treatment interruptions longer than 15 min (2.5% of sessions) or extreme BUN measurements (2.4% of sessions). The analyses of this report are restricted to the first modeling session within each follow-up month. This resulted in excluding an additional 6.4% of sessions. After all exclusions, the data set included 54,841 kinetic modeling sessions conducted in 1826 of the 1846 randomized patients.
During follow-up, the means (SD) of the patient-averaged values of URR, eKt/V (revised HEMO Study formula), treatment time, and blood flow were 66.3% (2.6%), 1.16 Kt/V units (0.09 Kt/V units), 190 min (23 min), and 324 ml/min (63 ml/min), respectively, in the standard-dose group, and 75.2% (2.6%), 1.53 Kt/V units (0.10 Kt/V units), 219 min (23 min), and 410 ml/min (50 ml/min) in the high-dose group. Table 1 summarizes treatment parameters for modeling sessions within the 4-mo running mean eKt/V quintiles in the two dose groups. Prescribed eKt/V (defined by the dialysis prescription Kt taken from the dialysis run-sheet and the running mean Vm just before the current session) was similar to the eKt/V target in eight of the 10 quintiles, excepting the top quintile in the standard-dose group and the bottom quintile in the high-dose group. The prescribed eKt/V was at least 10% lower than the high goal target of 1.45 for 23% of modeling sessions in the bottom quintile of the high-dose group. Much of the variation in delivered eKt/V was related to changes in Vm over time; the mean change in Vm from baseline was 16.0% higher in the first compared with the fifth quintile of the standard-dose group (11.6 versus Ϫ4.4%) and 20.2% higher in the first compared with the fifth quintile of the high-dose group (15.1 versus Ϫ5.1%).
Running Mean eKt/V Quintiles
Predictors of Lower eKt/V
Among the case-mix factors, black race, and greater baseline anthropometric volume were associated with greater odds that delivered eKt/V would fall into the lowest quintiles in both dose groups (Table 2) . After controlling for the case-mix factors and baseline anthropometric volume, use of venous catheters and several indices of comorbidity, including lower baseline Karnofsky score, higher baseline ICED score, higher hospitalization rates, and declining serum albumin, each were associated with increased odds of a lowest quintile eKt/V in one or both dose groups.
Association of Mortality with Achieved eKt/V at Baseline
As shown in Table 3 , in the first year of follow-up, the relative risk of mortality was 1.71 (95% CI, 1.10 to 2.67) for patients with the lowest baseline eKt/V quintile (eKt/V Ͻ 1.24) compared with patients in the middle quintile (eKt/V of 1.35 to 1.45). There was no significant association of baseline eKt/V with mortality after 1 yr. Figure 1 shows the relationship of mortality risk during follow-up with the mean eKt/V during the preceding 4 mo.
Association of Mortality with Achieved eKt/V during Follow-Up
The adjusted RR of mortality is significantly elevated in the lower eKt/V quintiles within both dose groups, resulting in an irregular dose-mortality relationship. The adjusted mortality risk was greater in the lowest eKt/V quintile of the high-dose group than in the entire standard-dose group (RR, 1.59; 95% CI, 1.29 to 1.96; P Ͻ 0.0001), even though the mean achieved eKt/V level in the lowest-quintile high-dose group was higher than the mean eKt/V in the standard-dose group (data not shown). Compared with the middle quintile of the high-dose group, the adjusted relative mortality risk of lowest high-dose quintile was 2.04 (95% CI, 1.50 to 2.74).
As shown in the top row of Table 4 , in the standard-dose group, a 0.10 lower mean eKt/V was associated with a 58% (95% CI, 33% to 89%; P Ͻ 0.00001) increased mortality risk for eKt/V values less than the group median of 1.14. Similarly, in the high-dose group, a 0.10 lower eKt/V was associated with a 37% (95% CI, 25% to 50%; P Ͻ 0.00001) increased mortality risk for eKt/V values Ͻ1.54. The elevated adjusted RR for mortality at the lower eKt/V values within each dose group were seen consistently irrespective of whether baseline anthropometric volume or indicators of baseline comorbidity were included as covariates (data not shown).
As indicated by the interaction P values in Table 4 , the increase in mortality risk at lower achieved eKt/V was larger for women than men among patients who were randomized to the high goal. The increase in mortality at lower eKt/V levels was similar between larger and smaller patients in both dose groups and also did not differ significantly between different types of access. Among patients who were randomized to the standard dose, the increase in mortality at lower eKt/V levels was larger among patients without recent access procedures or hospitalizations. Figure 2A relates mortality at each follow-up time point to the running mean eKt/V lagged by varying numbers of months. In the standard-dose group (Ⅺ), the RR per 0.10 reduction in eKt/V attenuated by approximately half for lag periods of 6 mo or greater. In the high-dose group (f), the strength of the association of mortality with reduced eKt/V largely persisted and remained statistically significant (with P Ͻ 0.001) with lags up to 12 mo.
Association of Mortality with Lagged eKt/V
Consistent with the lagged analyses in Figure 2A , Figure 2B shows that the RR relating mortality during a given 1-yr period to the previous 4-mo running mean eKt/V tend to be moderately reduced compared with the time-dependent analysis in Figure 1 . The variability in these RR over the successive assessment periods is increased as a result of the limited number of deaths occurring within any 1-yr interval and the use of different intervals for Vm in each analysis. However, the average RR remains Ͼ1, particularly in the high-dose group.
Discussion
The analyses of mortality in this report are as-treated analyses, in which the outcome is related to the treatment actually received. It is widely recognized that as-treated analyses are subject to bias because patients who are at increased risk for poor outcomes are often also at increased risk for poor compliance or inability to attain intervention targets (39 -42) . To avoid such biases, primary conclusions from randomized trials are based on intention-to-treat analyses that compare patients according to their randomized assignment.
The HEMO Study provides a clear example in which astreated analyses are contradicted by the intention-to-treat results. In the intention-to-treat analysis, the RR for mortality for the high-versus standard-dose group was 0.96 (95% CI, 0.84 to d Each indicated factor was analyzed separately, controlling for the case-mix variables in the first panel plus flux group and clinical center. Models for change in serum albumin also controlled for baseline albumin. Follow-up albumin and weight values lagged by 1 mo before calculation of change from baseline to avoid coupling as a result of hemodilution effects on weight and solute concentrations. Segmented regression was used to separately estimate effects of increases and decreases in serum albumin and weight. a Shown are relative risks (RR) for mortality for patients within designated baseline eKt/V quintiles versus the middle quintile (baseline eKt/V, 1.35 to 1.45). RR were estimated separately for the first 1 yr of follow-up and after 1 yr and adjusted for the following baseline factors: Age, diabetic status, race, gender, years of dialysis, anthropometric V, and randomized flux group. Analyses were stratified by clinical center.
b P Ͻ 0.05.
1.10), or, conversely, the RR for the standard-versus high-dose group was 1.04 (95% CI, 0.91 to 1.19). The mean difference in achieved eKt/V between the two dose groups was 0.37 Kt/V units, so the intention-to-treat effect represents an average risk increase of 4% per 0.37 decrease in eKt/V, or, equivalently, a 1.1% average increase in risk per 0.10 reduction in eKt/V. The upper limit of the 95% CI for standard-versus high-dose RR similarly represents a maximum risk increase of 4.7% per 0.10 reduction of eKt/V. By contrast, in the as-treated analysis, each 0.10 reduction in achieved eKt/V below the group median was associated with risk increases of 58% in the standard-dose group and 37% in the high-dose group, far exceeding the intention-to-treat upper confidence bound. Furthermore, patients in the lowest achieved eKt/V quintile of the high-dose group experienced a 59% greater risk for mortality than did patients in the standard-dose group, despite their higher achieved eKt/V. Thus, the elevated risk for patients with comparatively low eKt/V levels in each dose group must reflect extraneous factors that are associated with both increased mortality and lower eKt/V. What these factors are is not entirely clear, and somewhat different factors may be operating in the two dose groups. Whereas almost all patients who were assigned to the HEMO standard-dose group were able to attain the 1.05 target, the mean prescribed eKt/V was at least 10% less than the highdose target for 23% of the sessions in the lowest eKt/V quintile in the high-dose arm, indicating that a substantial number of patients in that group were unable or unwilling to achieve the target dose (Table 1) . Larger anthropometric volume, increases in Vm over time, and markers of comorbidity including hospitalizations and declining serum albumin were associated with lower values of eKt/V in both dose groups (Tables 1 and 2 ). Black race was also associated with a greater propensity for lower eKt/V, possibly because black individuals have a higher average muscle mass and total body water and hence a higher Vm than white individuals of a similar height and weight (43) . It is well known that mortality is increased in patients who receive dialysis with venous catheters (44, 45) . Catheters can limit blood flow or cause recirculation that prevents delivery of an adequate eKt/V. It is conceivable that the type of vascular access may have influenced the relationship between eKt/V and mortality in the HEMO Study. However, although use of catheters was a strong predictor of a lowest quintile eKt/V in both dose groups (Table 2) , the low eKt/V-mortality association strengthened, rather than weakened, after periods without any recorded access modifications or use of catheters. Other sensitivity analyses (not reported here) indicated that this result persists when we also exclude periods in which a dialysis interruption, shortfall in treatment time, or change in blood or dialysate flow was recorded for one or more modeled dialyses. Thus, access-related issues and other technical factors that influence Vm do not, by themselves, seem to explain the large bias in the as-treated analysis.
The most recent large-scale studies from the USRDS and Dialysis Outcomes and Practice Patterns Study (23, 46) have reported estimated dose effects that are close to or greater than the 95% upper confidence bound of 4.7% per 0.10 reduction in eKt/V. Thus, the biases observed in the HEMO Study astreated analyses are larger than the effects of dose on mortality reported in recent observational studies. This indicates that the magnitudes of the bias estimates from the HEMO trial do not generalize directly to observational data sets. However, this also raises the question of whether estimated dose effects in observational studies may be biased upward, albeit to a lesser extent than in the HEMO as-treated analyses. At least three factors may have led to different results between the HEMO Study as-treated analyses and observational studies: (1) The analytic methods, (2) the controlled conditions of the HEMO trial, and (3) the patients included in the studies.
Regarding analytic methods, the consistency of the HEMO astreated results when adjusted for a wide range of baseline covariates suggests that the differences are unlikely to be explained by differences in covariate adjustment strategies. However, the results of the as-treated analyses, which related mortality to the mean eKt/V over the immediately preceding 4-mo, may have been especially sensitive to the effects of deteriorating conditions immediately preceding death. By contrast, most observational studies have related mortality over a 1-to 1.5-yr follow-up period to measured dose at the start of the study, resulting in an average lag time of 0.5 to 0.75 yr. In fact, some attenuation was observed in the RR for lower eKt/V when a lag time was introduced in the HEMO as-treated analyses (Figure 2, A and B) . However, even with a lag of 1 yr, the RR associated with lower eKt/V remained Ͼ1, particularly in the high-dose group, whose conditions more closely reflect current treatment practice.
When dialysis dose is targeted precisely, as in the HEMO Study, variations in Vm and comorbidities may lead to prescription shortfalls accounting for a greater proportion of the variation in delivered dose than in the observational setting, where prescribed dose may depend on variations in practice patterns and other factors. Thus, the confounding effects in the HEMO Study as-treated analyses are likely to have been increased as a result of the controlled conditions of the trial. The strong relationship between baseline eKt/V and mortality in the first year after randomization suggests also that because HEMO patients were selected on the basis of their ability to achieve the high-dose target, a lower delivered eKt/V at baseline was a surrogate for risk factors associated with mortality risk.
Although their effects should be reduced, the confounding relationships involving eKt/V and comorbid conditions associated with dose-target shortfalls seem likely to occur also in the observational setting. The strategy of targeting a URR of at least 75% (corresponding roughly to the HEMO Study highdose target) is consistent with the practice in many dialysis units at the present time. If such a dose-targeting bias does exist, then regardless of how much the average dose is increased, patients who receive lower amounts of dialysis may always seem to do worse. One explanation for a report that dose thresholds seemed to increase steadily in successive analyses of a national database between 1994 and 1997 (24) is that increasing de facto dose targets over this period may have shifted the dose-targeting bias to higher dose levels. Conceivably, a dose-targeting bias, if unrecognized, might lead to a never-ending cycle of recommendations for ever higher dialysis doses.
The randomized comparisons of the HEMO trial suggested a stronger effect of dose in women than in men (46), a phenom- enon also reported from recent observational analyses of achieved dose from the USRDS and international data (47) . However, the possibility of a larger dose-targeting bias in women than in men, suggested in Table 4 of this study, indicates the need for continuing caution when interpreting this subgroup result.
The discrepancy of the as-treated analysis with the intentionto-treat analysis in the HEMO trial is in some respects analogous to a similar discrepancy in a previous randomized trial of the effect of normalizing hematocrit level with administration of erythropoietin in hemodialysis patients with congestive heart failure or ischemic heart disease (48) . In that study, higher achieved hematocrit levels were associated with lower mortality within the individual treatment arms. However, the intention-to-treat analysis found no significant difference in mortality between the randomized groups.
In summary, the dose-targeting bias that was revealed under the controlled conditions of the HEMO Study emphasizes that caution is necessary when interpreting nonrandomized relationships between dialysis dose and outcome. However, we caution against sweeping generalizations of the implications of these findings for observational research. The large majority of clinical questions will continue to be addressed by observational studies as a result of the limited number of randomized trials that can be conducted. Continued advances in statistical methods and increased ability to identify sources of confounding will lead to continuing improvements in the quality of observational inference.
